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@ Fire control system for a vehicle or vessel (1111111).

@ In a fire control system for a vehicle or vessel a data
processor (21) connected to the target tracking unit (7)
determines, in a first coordinate system coupled to said unit
(7), angular error data about a target position for aligning (12,

13) the tracking unit (7) with the target position. A fire control
computer (22) is incorporated for:

a. determining (24 matrix (H) elements concerning the
transformation from the first coordinate system to a
second fixed horizontal coordinate system, using data
about relative angular positions between the tracking
unit (7), the vehicle or vessel and a turret mounted
thereon, and using data from reference orientation
means (18, 19, 20) about the angular positions in said
second coordinate system;

b. converting (26) the angular error data into target posi-
tions in said second coordinate system;

c. changing (23) said target positions to gun aiming data;
and .

d. transforming (27) the latter data to a third coordinate
system coupled to the vehicle or vessel.
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Fire control system for a vehicle or vessel

The invention relates to a fire control system for a
vehicle or vessel, which fire control system is provided with:
a turret and gun;

a target tracking unit;

a data processor connected to the target tracking unit for

determining, in a first coordinate system coupled to the
target tracking unit, angular (error) data about the position
of the target being tracked;

-.a servo control unit connected to the data processor for
aligning the target tracking unit with the target position by
means of the angular error data supplied; and

- a fire control computer for determining, from a series of

successive pdéitioné of the target tracking unit and target

range.values;.associated target positions in a second, fixed
horizontal coordinate system, and for generating, from said
target positions, gun aiming data for transmission to the turret

and gun.

Such a fire control system for a vehicle or vessel is
widely known.

With a combat vehicle fitted with a spring-suspended
chassis on pneumatic tyres and with the abovementioned fire control
system, it is customary to stop the vehicle when entering the
aiming phase of the gun and to give the vehicle a stable position
by means of collapsible levelling jacks. This ensures that with
a burst of fire the position of the combat vehicle will not be
subject to change through the gun recoil. The use of these levelling
jacks for such a vehicle could of course be dispensed with if only
one single round need be fired. Furthermore, a.bgavy combat vehicle,
such as a tank, need not be fitted with levelling jacks since,
due to the large mass of the vehicle, the recoil of the gun when
fired has no appreciable effect on the position of this vehicle.
The adjustment of levelling jacks for a combat vehicle fitted with
a spring-suspended chassis on pneumatic typres and with the above-
mentioned fire control system is however time-consuming, and hence
a disadvantage of such a combat vehicle.
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The present invention has for its object to obviate the
disadvantage with the use of the above fire control system for a
vehicle fitted with a spring-suspended chassis on pneumatic tyres
or for a rolling vessel.

According to the invention, in a fire control system of
the type set forth in the opening paragraph the fire control
computer comprises a (first) coordinate conversion unit for
determining the elements of the transformation matrix (H) associated
with the transformation from the first coordinate system to the
second coordinate system, using supplied data concerning the
relative angular positions measured at the axes of rotation
between the target tracking unit, the turret, and the vehicle or
vessel, and using data supplied by reference orientation means
and concerning the angular positions with respect to the tilt of
the vehicle or vessel in the second coordinate system, and for
converting the angular error data obtained from the data processor
in the first coordinate system into target positions in the second
coordinate system, using the elements of said transformation
matrix, which fire control computer further comprises a (second)
coordinate conversion unit for transforming, on the basis of the
data supplied by said reference orientation means, the gun aiming
data determined in the second coordinate system to a third coordinate
sysfem coupled to the vehicle or vessel. 7

A favourable .embodiment of a fire control system,according
to the invention, for a vehicle fitted with a spring-suspended
chassis or a Qessel subject to roll, pitch and yaw motions is
obtained by tranforming the gun aiming data determined in the
second coordinate system first to the first coordinate system,
using matrix H‘, where H‘::H-], being the inverse of matrix H,
and by transforming the gun aiming data determined in the first
coordinate system to the third coordinate system on the basis of
the data concerning the angular positions at the axes of rotation

between the target tracking unit, the turret, and the vehicle or
vessel,
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The invention will now be described with reference to
the accompanying figures, of which:

Fig. 1 is a schematic representation of a vehicle fitted
with a fire control system;

Fig. 2 1s a block diagram of a fire control system,
according to the invention, for a vehicle or vessel; and

Figs. 3 and &4 are orthogonal coordinate systems containing
transformations to be effected.

Fig. 1 shows a three-axle combat vehicle 1, provided with
a turret 2 and gun 3. Vehicle 1 is considered to be fitted with
a spring-suspended chassis on pneumatic tyres. The turret 2 is
rotatable about an axis 4, which is perpendicular to the roof 5
of vehicle 1. The gun 3 is movable in elevation about an axis 6
in the turret 2; axis 6 is oriented parallel to the roof 5.
Mounted on the turret 2 is a target tracking unit 7 for tracking
a target in range and in angles. The target tracking unit 7 may
consist of a radar tracking apparatus, a laser range detector, an
infrared tracking umit, a TV tracking unit or optical detection
means (periscope, binocular), as well as combinations thereof.
The target tracking unit 7 is biaxially connected with the turret 2,

one axis 8 being oriented parallel to or coaxially with axis 4 on
the turret 2 and the other axis 9 parallel to the roof 5.

The relative motion of the turret 2 with respect to the vehicle 1

(about axis &), the gun 3 with respect to the turret 2 (about
axis 6}, and the target tracking unit 7 with respect to the
turret 2 (about axes 8 and 9), is achieved by servo control units
10, 11, 12 and 13, respectively, shown schematically in Fig. 1.
The angular rotations of the turret 2 with respect to the vehicle 1
(about axis &), the gun 3 with respect to the turret 2 (about
axis 6), and the target tracking unit 7 with respect to the
turret 2 (about axes 8 and 9) are measured by angle data trans-
mitters 14, 15, 16 and 17, respectively, shown schematically in
Fig. 1, which transmitters may be synchros, digital angle data
transmitters, etc.

The vehicle 1 is further provided with reference

orientation means for obtaining time-reliable data about the
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orientation of the vehicle with respect to a fixed horizontal
(second) coordinate system; the reference orientation means
may consist of a three-axis, vertical gyroscope 18 and/or rate
gyroscopes 19 and 20, shown schematically. The rate gyroscopes
19 and 20 are mounted on the axes 8 and 9 and furnish data about
the angular velocities of the rate gyroscopes relative to the
fixed horizontal plane. After fractional.integration and after
correction for the initial values of the tilt of target tracking
unit 7, as determined by gyroscope 18, the results obtained from
the measurements of these angular velocities yield the instantane-
ous tilt angles of a plane defined by axis 9 and the line of sight
of the target tracking unit 7, which tilt angles are relative to
the fixed horizontal plane. It should be noted that axis 9 may
be tilted at an angle to the base plane of the second coordinate
system through the combat vehicle being located on hilly ground
and/or through the recoil of the gun 3. The required initial
values of the tilt may be_furnished separately, for instance, by
gyroscope 18. With such a (joint) operation of gyroscope 18 and
rate gyroscopes 19 and 20 it suffices to use a coarse, single-axis
gyroscope 18 and accurate rate gyroscopes 19 and 20. In the
absence of rate gyroscopes 19 and 20, the gyroscope 18 should be
multi-axial and should provide accurate measuring results.

' Fig. 2 is a block diagram of a fire control system
for the combat vehicle 1 of Fig. 1. The fire control system
contains a data processor 21, which is fed with angle and range
data from the target tracking unit 7. During target tracking
the data processor 21 furnishes data about the angular deviation
between the line of sight of the target tracking unit 7 and the
target line of sight, and hence target positional values in a
first coordinate system coupled to the target tracking unit 7 and
oriented perpendicularly to the line of sight of this unit. In a
fire control computer 22 the target positional values are converted
to a second, fixed horizontal coordinate system to geﬁerate there-
out the target track by means of an aiming-point generator 23 and,
hence, to calculate aiming values for the gun 3. The fire control

computer 22 thereto comprises a first coordinate conversion unit 24,
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containing means 25 for establishing the elements of the matrix (H)
associated with the transformation of the first coordinate system
coupled to the target tracking unit 7 to the second coordinate
system, ‘which means 25 is supplied with the data from the angle
data transmitters 14-17 and the reference orientation means 18, 19
and 20. For the transformation (H) of a target position (z) from
the target tracking unit 7 to the second horizontal coordinate
system the first coordinate conversion unit 24 further contains
another transformation unit 26 to provide H(;) as the target
position in the second coordinate system. On the basis of a series
of target positions thus obtained (in the second coordinate system)
and an associated series of target range values obtained from

data processor 21, the aimihg-point generator 23 is capable of
generating the target track and calculating aiming values with the
aid of additionally supplied data about ballistic corrections to

be made.and the data from rate gyroscope 18 about the gravitational
direction., .

Since the gun 3 is always aimed relative to the vehicle 1,
the aiming data must be transformed from the second coordinate
system to a third coordinate system coupled to the vehicle 1.

To carry out such a transformation V, the fire control computer 22
comprises a transformation unit 27, using a matrix whose elements
are calculable with the aid of the data supplied by the reference
orientation means 18, 19 and 20. A favourable embodiment of such

a transformation unit 27 comprises: a unit 28 for transforming

the aiming values from the second coordinate system to the first
coordinate system coupled to the target tracking unit 7; a unit 29
for transforming the aiming values obtained from unit 28 in the
first coordinate system to a coordinate system coupled to the
turret 2; and a unit 30 for transforming the aiming values obtained
from unit 29 to the third coordinate system coupled to the vehicle 1.
The transformation in unit 28 is realised by elements of a matrix
H*, where H*:=H"], being the inverse of matrix H, while the trans-
formation in units 29 and 30 consists in correcting the supplied
aiming values obtained from the angular values of the angle data

transmitters. The aiming values thus obtained are supplied to
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servo control units 10 and 11.

Servo control unit 13 coupled to axis 9 is controlled
with the angular error data of data processor 21 measured along
the coordinate axis of the first coordinate system which is
perpendicular to axis 9. Rotation of turret 2 about axis & also
changes the position of the spatial aiming point of target
tracking unit 7; to obtain a true tracking motion of tracking
unit 7, any interferences in the tracking motion of target
tracking unit 7, due to rotation of turret 2, must be compensated.
To this effect the serve control unit 12 acting about axis 8
receives the angular data from angle data transmitter 14, in
addition to the angular error data supplied by data processor 21
and measured along the coordinate axis of the first coordinate
system which is parallel to axis 9. If target tracking .unit 7 were
rotatably mounted on the gun 3, the servo control unit 13 would
have to be supplied with the angular data from angle data trans-
mitter 15, as well as with the angular error data from data
processor 21.

The above-described fire control system is also
applicable to rolling vessels, where the transformation of the
target coordinates to the second coordinate system according to
matrix H must be an answer to the roll, pitch and yaw motions of
the vessel.

If the target tracking unit 7 is directly and rotatably
mounted on the roof 5 of the vehicle, the units 29 and 30 are
of a combined design.

Reaction forces exerted on the vehicle or vessel due
to bursts of fire are measured in the target tracking unit 7 and
in the reference orientation means 18 and/or 19, 20. Under these
conditions, the angular data from data processor 21, as well
as the elements of matrix H constituted by means 25, are subject
to change, such that the result of transformation unit 26, i.e.
H(;), represents the true target motion, undisturbed by the gun
recoil. Also the rocking motions of the combat vehicle driving
on hilly ground or the rolling motions of a ship have no influence

on the target position H(z) produced. The target data transformation
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in the first coordinate system, coupled to target tracking unit 7,
on the basis of the position of target tracking unit 7 in the
fixed horizontal system, thus provides true target data in the
horizontal coordinate system, which does not show any dependency
on the target tracking unit 7 subjected to motion.~

A condition for proper working of the above fire control
system is however that the processing of the target motion,
varying as a consequence of the vehicle or vessel motions, as
performed by the target tracking unit 7 and data processor 21,
be in synchronism with the processing of the associated data from
the reference orientation means (18 and/or 19, 20) and angle
data transmitters 14-17, as performed by means 25. This processing
rate should be sufficiently large to permit any corrections to be
made to the measured target positions during a burst of fire on
account of the gun recoil, in order to position the gun 3 in
accordance with the aiming values (still subject to variations at
that time)during this burst.

The form of matrix H may be obtained as follows:
Fig. 3 shows the orthogonal first coordinate system coupled to
the target tracking unit 7, to be rotated through an angle ¢
about an axis & to obtain the fixed, horizontal, second coordinate
system. In the X, Y and Z directions the reference orientation
means measure the results E, Q and B, where the rotation vector ZT

. . . . . . +T
is defined. The direction cosines of rotation vector e are:

1=E., m:% andnz:wg, where ¢ = v E2+Q2+BZ-

Instead of rotating the coordinate axes X, Y and Z, it is possible
to rotate an random vector r through an angle ¢ about the axis a.
To this effect, allow a plane to cut vector T at point P and to
pass axis e at right angles. In this plane two mutually perpendicu-
lar unit vectors a and b are chosen, vector 2 lying along the line
0'P, where 0' is the point of intersection of this plane with

> . ES >
vector e. The two unit vectors a and b may be expressed by:

> > > > >
a=r-(e,r)e and
> >
b=texr|.
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The vector E obtained after rotation through angle ¢ is given by:

The matrix H to transform T to a will be:

12(1-coswp) + cos
ml(1-cosy) + n.siny

nl{l-cosy) - m.siny

ml{l-cosy) - n.siny

m2 (1-cosw) + cosy

mn{i-cosy) + 1.siny

q= H(T) = (g,;)g-r(cosw.gi-sinw.g)
= (-é,_z*')-lt + cosw.(-r’: - (Z,'{)Z )+ sino. Izé x_f:|
= COSW.;-P(]-COSW).(;,;);-+Sin®.g
= cosw.I(-f) + (1-cosw) .A(-f) + sinw.G(?)
where:
12 1m 1n
A= Im m?® nm AT =A
in mn n?
0 -n m
T
G = n 0 =1 G =-G
-m 1 0
1 0
I-= 0 1
0 0 1

nl(l-cosy) + m.siny
mn(l-cosw) - l.siny

n2(1-cosw) + cos®

Since the rotation angle ¢ may usually be considered small, cosy

and sing may be approximated by 1-¢w? and », respectively.

After substitution of 1, m and n for their equivalent expressions,

the matrix H obtained is:

1-482-40%2 1EQ+B -1EB+Q
H={ 30-8B 1-182 - 3E2  -1BQ-E
-3EB-Q -1BQ+E 1-1E2 - 302
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Claims:

1. Fire control system for a vehicle or vessel, which fire
control system is provided with:
- a turret and gun;

a target tracking unit;

a data processor connected to the target tracking unit for
determining, in a first coordinate system coupled to the target
tracking unit, angular (error) data about the position of the
target being tracked; .

- a servo control unit connected to the data processor for
aligning the target tracking unit with the target position by
means of the angqular error data to be supplied; and

- a fire control computer for determining, from a series of
successive positions of the target tracking unit and target
range values, associated target positions in a second, fixed
horizontal coordinate system, and for generating, from said
target positions, gun aiming data for transmission to the
turret and gun,

characterised in that the fire control computer comprises a

(first) coordinate conversion unit for determining the elements

of the transformation matrix (H) associated with the transforma-

tion from the first coordinate system to the second coordinate
system, using supplied data concerning the relative angular
positions measured at the axes of rotation between the target
tracking unit, the turret, and the vehicle or vessel, and using
data supplied by reference orientation means and concerning the
angular positions with respect to the tilt of the vehicle or

vessel in the second coordinate system, and for converting the

angular errof data obtained from the data processor in the first
coordinate system into target positions in the second coordinate
system, using the elements of said transformation matrix, which
fire control computer further comprises a (second) coordinate
conversion unit for transforming, on the basis of the data supplied
by said reference orientation means, the gun aiming data determined
in_the second coordinate system to a third coordinate system

coupled to the vehicle or vessel.
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2. Fire control system for a vehicle or vessel as claimed
in claim 1, characterised in that the transformation matrix H
is based on the matrix applicable to a coordinate transformation

of an orthogonal coordinate system (X, Y, Z):

12(1-cosy) + cosy ml{l-cosw) - n.sing nl(l-cosy) +m.sing
H={| ml{1-cos®) +n.sing m?(1-cosy) + cosyp mn(1-cosy) - l.sinw
nl{1-cosp) -m.sing mn(l-cose) +1l.sing n%(1-cosy) + cosw

where l:%; m=2 and n=;§; and o=v E?+ Q2 +B2,

©

while E, Q and B represent the measured rotation values on the

X, Y and Z axes, respectively.

3. Fire control system for a vehicle or vessel as claimed

in claim 2, characterised in that the matrix H is of the form:

1-4B2 - 202 1EQ+B -3EB+Q
H=1 10-8B 1-4B2-4iE2 .iBQ-E
-3EB-0Q -iBQ+E 1-3E2-402
4, Fire control system for a vehicle or vessel as claimed

in claim 1, characterised in that in the second coordinate
conversion unit the supplied gun aiming data is transformed to
the first coordinate system coupled to the target tracking unit,

using the matrix H*, where HE = H !

, being the inverse of matrix H,
and that, subsequently, the gun aiming data determined in the
first coordinate system is transformed to the third coordinate
system, using the data conéerning the angular positions measured
at the axes of rotation between the target tracking unit, the

turret, and the vehicle or vessel.
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